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USSR_WORK ON MICRGBIOLCQICAL METHODS OF PROSPECTING
FOR_PETROLEN AND HATURAL GAS )
—————= At DR IURAL GAS

Z(_:omment: In reviaving the activity of the USSR microbiologist V. r..
Omelyansgkiy (1867-1928), A. A. Inshenetskiy, in an ertiele entitled “In jeio-
riam, V. L. 'Omelyanski," Mikrobiologiya, Vol 22, No L, 1953, says the. micro-
organisms, being extremeiy sensitive reagents, may be used as indicators of ii..
Presence of combust ible gases. The artiels on bacteria in the Bol'shaya uoveis-
kaya Entsiklopediya containg the following passage:

"About 30 years 2go, V. L. Quelyanskiy referred to bacteria as chericul re
agents and expressed the opinion that, in the future, bacteria will be usen ex-
tensively ror analytical purposes. Onelyanskiy's prediction has been strikingly
confirmed. At bresent bacteria are used ag exceedingly sensitive indicators
which permit detection of traces of various vitamins, aminc acids, and other com-
pounds. The analytical Procedures applied in thi, connection are based prinei..
pally on the circumstance that some Species of bacteria do not multiply in the
absence of certain compounds, but do multiply when these compounds  hav.  been
added to the nutrient nedium. Some bacteria oxidize hydrocarbons (n,et;.um:, pro-
Pane, cte.). For that reason, detection of bacteria of this type indicates that
Petrolews or natural gas 2y be present in an underground stratum."

The following report sunwarizes tuwo articles which Lave son. bew-lug  on
Qrelyanskiy's statenent ir regord to locating petroleum and natural gug cepasits
by the detection of bacterin ussociated with such deposits.

The first orticle, w, L. 1. Jhturn, revievs tne subject ol it olows
biology, bresenting data vhich have a bearing on petroloum Tormation cud hity Do
consicered useiul from ihe stzndpoint of potential or ectual appiication in be
LroLetn Prospecting. The wrticle is based, in part, on data collected by ex
peditions sent to the second Baku oil fields in 1939-1940 by the Institute of
Coubustible Minersls, Acadery of Sciences USGR .
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The second article, by L. K. Osnitskaya of the Institute of Microbiology,
Academy of Sciences USSR, Moscow, denls with microflora at the bottom of the
Caspian Sea between 479E-559% apg LLON_LTON. f1he article reviews her investi-
gations and those of A. A, Moliyants and V. S. Butkevich and his collaborators.
The article apparently does not have any bearing on the occurrence of petroleum,
but the publication of Maliyants' investigations by the Azerbaydzhan Petroleunm
Institute indicates the institute's interest in marine microflora. This inter-
est may indicate efther the intention of locating offshore petroleum deposits
Or an attempt to collect datasupportingthe theory that petroleum uydrocarbons
are formed as a result of bacterial action.

Numbers in parentheses refer to appended sourcesL7

Shturm's Article
prtirm s Article

The occurrence of miersorganisms in stratg containing petroleum deposits
was established simultaneously in the USSR and the US in 1925. The assumption
that the sulfate-reducing bacteria which oceur in conjunction with petroleum de-
posits have the capacity of utilizing petroleum components would explain both
the extensive occurrence of these bacteria in petroleum deposits, and the high
level of sulfate-reduction processes that take place there. Utilization of pe-
troleum hydrocarbons by sulfate-reducing bacteria has been established experi-
mentally. One must assume that the activity of these bacteria is supposedly
respongible for the absence of hydrogen, or the very lov content of hydrogen, in
petroleum gases. The fact that decomposition of sulfur-containing components
of petroleum takeg Place under the influence of sulfate-reducing bacterie has
been established,

Sulfate-reducing bacteria ocecur only in petroleum waters that contain hy- ;
drogen sulfide, which is the final stage of the reduction of sulfate ions. {

On the basis of thermochemical relationships, it has been concluded that
light paraffin hydrocarbons may be oxidized by bacteria to carbon dioxide with
the utilization of the oxXygen contained in water and in sulfates, while higher
paraffins beginning with Clo“ea or C9Hé0 are converted mainly into naphthenes
and polynaphthenes, It has been found that sulfate-reducing bacteria readily
utilize aliphatic hydrocarbons of high molecular veight (e.g., tetradecane,
eicosane, and hentriacontane), while decane is assimilated by these bacteria
with difficulty. Apparently, hydrocarbons are assimilated selectively by sulfate-
reducing bacteria. No work has been done which characterizes utilization of hy-
drocarbons by these bacteria on the basis of the hydrogen suifide content.

There are indications that cyclic compounds ere decomposed in connection
with the bacteriel reduction of sulfates. Some data indicate that the action
of sulfate-reducing bacteria contributes to the liberation of petrolewn from
rock occurrences.

Sulfate-reducing bacteria are not invariably present whazrever petroleun oc-
curs. Jome petroleum fields form exceptions in that respect.

Of great interest is another group of microorganisms, that of Purpureal
sulfur bacteria, discovered in Caucasian oil fields at the carliest stage of
vork on petroleum uicrobiology. These bacteria are also found in the water
that occurs below the petroleun luyer. They have the copability of oxidizing
hydrogen sulfide to sulfuric acid and mdy therefore increase the sulfate con-
tent of the water. It has been demonstrated experimentally that they are cap-
able of multiplying in the dark in media containing petrolewn.
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In addition to the two groups of bacteria described above, microorganisrs
vhich reduce nitrates with the formation of nitrogen invariably occur in Perti-
ary petroleum {eposits. These denitrifying microorganisms are able to use pe-
troleum products as g sowice of carbon.

Anaerobic microorganisms which produce butyric acid fermentation, decomposi-
tlon of proteins with the formation of gaseous Products, and anaerobic fermenta-
tion of cellulose have also been found in Petroleum deposits, but their rela-
tionship to the organic substances of petroleun deposits has not . Slarified
as yet.

In eddition to anaerobic microorganisms, aerobic bacteria have also been
discovered in USSR petroleum occurrences. An example is the thionic bacteria
which oxidize thiosulfates, sulfides, and sulfur to sulfuric acid. ‘hionic
bacterie occurring in the water below the betroleum layer are able to decomposc
the sulfur compounds of Petroleun. Formation of oxygen in the layers where pe-
troleum oceurs can be explained hy the action of radiocactive conpounds and by
the catalytic erfect exertad by some soluble salts, i.o., manganese chlorides.

The following Possibilities exist for the formation of petroleunm hydrocar-
bons by the action ~f bacteria: hydrogenation nf unsaturated hydrocarbons, de-
carboxylation of saturated fatty acids, and reduction of carboxylic groups %o
methyl radicals. Contempomry microorganisms arec incapable of achieving any of
these conversions under anaerobic conditions, but extinet forms may have poc-
sessed the capability of forming petroleum hyurccarbons by the reactions mentioned.
Conversion of Tatly acids under rigidly ancerobic conditions can only lend ¢o the i
* formation of methane and carbon dioxide,

Some experimental data prove that higher hydrocarbons Wy form as a result N
of the action of microorganisms. It has been obseirved that gases formed in the
decomposition of effluent sludge contain 0.4¢ ethene, 0.01% propare and butane s
0.07h pentane and hydiocarbons higher than pentane, 0,014 butadiene, 07.00)
. methane, 32.00% carbon dioxide » 0.03% carbon monoxide, 0.020, hydrogen, and 0.00k
- hydrogen sulfide. There are indications that sulfate- reducing bacte.ia synthe.
b size hydrocarbons: when desulfovibrio LV‘. desulphureus_’.'/' nicroorganisns are
cultivated in a mediwn that contains caproic aecid, en oil which consists of the
hydrocarbons Cig - C25 is formed.

The absence of hydrocarbons in Present-day silt is explained by the activivy
of microorganisms vhich oxidige compounds of this type (.., hynrocasbons ). .. -
obic bacteria which snee capable of oxidizing petralews, “fince matirolown  proa
ucts, and hydrocarbons in general oceur extensively in wacine sil-g, Their oo

. tivity is inhibitoeq by the presence of heavy metels, cairbon monexide, and v -
gen sulfide. It is also 1estricted by the low redox potential of the medium,

It is possible that accumulation of hydrocarbons as u result of bacterias
activity could have occurred under specific conditions. sops investigators ag-
sure that the microflora of bresent-day petroleun deposits is genetically ~olate.,
to the miecroflora vhich cxistea in ancient bodies of vater at the tiwe vhen sioo
deposition took place thera. The rorphologicul »e¢ mblance between this suliate-
reducing bacteria of the Bilack ea and tho sul.t‘ute-redncin,'_: vacteric of 4he
Groznyy petroleun strata supports this view.

The tollowing conclus iens can be drawn oo i collocted in the oocond
Baku area. .

The petroleum crudes, the pstroleum waters ﬁ-:ater aecuriing below the pet:c-
leum deposit/, and petroleum-bearing rocks of the Secord Bakv contain Living ana
biolopicallf,: active miciooiganisns. The Petroloun ocoy 1ces of the  seoond Daly
are characterized by a mica obiological biocoenosis conreged  of  Lhe rellevinz
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groups of bacteria: sulfate-reducing bacteria, nitrate-recducing bact-~rin, bao-
teria that oxidize hydrocerbons, bacteria that produce enuymatic decormosition
of broteins, butyric acid fermentation bacterie, and bacteria producing arroni
Tication. The mierobiological biocoenosis of the deep layers of petrolcum sc-
currences differs sharply from the microflora of the top layers of the carth and
of the water of rivers » because 1t lacks such ubiquitous groups of nicroorgan-
isms as aerobie and anacrobic bacteria which deconpose cellulose, nitrification
be.ctcria, and thionic bacteria. There is a correlation betw..on the occwrrence
of sulfate-reducing nieroorganisms in petroleum waters and the pivs ~ '~ af hydro-
gen sulfide, l.e., petioleun water that contains hydrogen sulfide also . . “ning
mieroorganisms which reduce sulfetes, Apparently the presence of gulfaic
reducing bacteria can be correlated with the presence of petrolewn in certain
geological structures. The large guantity of microorganisms present in the wa-
ter occurring below the petroleum-bearing structures indicates that the petro-
leum r('ﬂ))f undergo *arious transformations under the action of the microorgan-
isms. (1

Osnitskaya's Aycicle

Lo Ay e svantg ( #ierobiological Investigation of the Bottom of the Cas-
oien Sea,'” Trudy A arbaydehanskogo nefiyanogo issledovatel'skogo instituta
(AZIII) ﬁorm of the hzerbaydzhan Potroleun Investigation Institute;, Tssue 18, ‘
Goulogical Division, page 1, 1933} s summarized the investigations caivied out ;
ty her and by other scientists on tiw ticrobiology of the bottom of the niddle !
part and the southe:n part of the pian Zea. In the opinion of Maliyants, *ha !
most widespread and intensive pbrovzes which takes place at the botton of tie Cag-
pian Sea is thot of desulfurization. Thig Dbrocess is brought cbout principally
by Microspira sestuarii. laliyants concludes from this thet formation of hydio-
gen sulfide in the Caspian tea is causag chiefly by the eetivity of desulfy i-.
ing bacteria. From 21l samples taken {rom the bottom of the 3ea, whiionic acid
bacteria (mainly Thiobacillus thioparus), purpureal sulfur bactes i, cenitriry.
ing bacteria (Th. denitrificans), nitrifying bacteria (MNitrosomonas s nitrogen- i
Tixing bacteria (Azotobacter, kadiobunte:r), and other ederoorganists could bo ;
isolated. !

]

V. S. Butkevich ond his collsbo ztors ('On the Bacterial iopulation of tho
Caspian uand Azov leas, Hikrobiclogiya, Vol 7, page 1005, 1938) ostablished in
the course of an investipation earricd out in 1935 in the vicinity of the i
Dolgiy that the surface of silt deposits is covered with & slim:. |
researchers expressed the opinion that this bacterial slime may
as Tood to marine aninals. He assumes that the bacterian containce
convert decomposition products (cesbon dioxide, methane, hydrogzen
into complex orgenic substar "€s wnich may agein enter into the ey 44
living orgenisms.

t

. Yhe prasent investigation /by Csnits!:&yzf/ wes carried cut with .z iy o. ;
deternin®ng ihe cxtent of the film of bocterial slime at this tine and also of
establishin; the quantiietive relationship in this film of microcyrorisng vhicl
oxidize lyirogen culfide, lethane, and hydrogen, :aspectively.

r The resvlts or the investisucion weve as 10)low::

In tie ooean of the Cuspian oo investigeted, the bacte 1
by Butiievieh has mot been “oupd. the vhole botiom, put
thionie acid bacteric, methanc-o ¢roo. nnises, and hrdoos
ovrranlsms were found to oceur e ell .upths of th
loucstions. Iviethane-«o::idizing bacteria an “r-oxidizing
sented i: all types of bottom sarmlss, il soin Y o e
tes in TS ol all snmles. Thionic ~cid bazteriq ap: i
foun' in 211 bottom mples.  Although the rilm der
been found, the suris:e layer of’ ihe bottow vay be

“tive function nostul- by hip. because hyiropen . ]
are oxidized Ly the bmltorin Fhit oceur in"thie Yayer. (<
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[FOTE: In the area investigated, according to the data as ar-
ranged in Osnitskaya's diagrams , bacteria that oxidize methane are
generally found together with bacteria that oxidize hydrogen. This

The reader is referred to the original article for diagrams il-
lustrating the quantitative data nentioned in the article. Ko

oxidize hydrogen were isolated are represented by crosshatched rec-
tangles. The corresponding velues for putrefaction bacteria and
thionie bacterio are represented by white and black rectangles, re-
spectively. The data in the diagrams are arranged according to the
composition of the bottom material (differences can be seen by com-
paring individual dlagrams shown in each figure) and the depth of

4 the water (differences can be seen by comparing Figure 2 with Fig-

' ure 3). No oreakdown according to geographic locations is given

in the diagrems. On the map (Figure l), a plus sign in square No 3
of the r-.:tangular symbols indicates presence of methane-oxidiz-
ing bacteriu, = minus sign their absence, The Presence or sbsence
of hygrogen—oxidizing bacteria is indicated Similarly in square
o L./
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